Brain mitochondria are primed by moderate Ca2+ rise upon hypoxia/reoxygenation for functional breakdown and morphological disintegration.
In animal models, brain ischemia causes changes in respiratory capacity, mitochondrial morphology, and cytochrome c release from mitochondria as well as a rise in cytosolic Ca2+ concentration. However, the causal relationship of the cellular processes leading to mitochondrial deterioration in brain has not yet been clarified. Here, by applying various techniques, we used isolated rat brain mitochondria to investigate how hypoxia/reoxygenation and nonphysiological Ca2+ concentrations in the low micromolar range affect active (state 3) respiration, membrane permeability, swelling, and morphology of mitochondria. Either transient hypoxia or a micromolar rise in extramitochondrial Ca2+ concentration, given as a single insult alone, slightly decreased active respiration. However, the combination of both insults caused devastating effects. These implied almost complete loss of active respiration, release of both NADH and cytochrome c, and rupture of mitochondria, as shown by electron microscopy. Mitochondrial respiration deteriorated even in the presence of cyclosporin A, documenting that membrane permeabilization occurred independent of mitochondrial permeability transition pore. Ca2+ has to enter the mitochondrial matrix in order to mediate this mitochondrial injury, because blockade of the mitochondrial Ca2+-transport system by ruthenium red in combination with CGP37157 completely prevented damage. Furthermore, protection of respiration from Ca2+-mediated damage by the adenine nucleotide ADP, but not by AMP, during hypoxia/reoxygenation is consistent with the delayed susceptibility of brain mitochondria to prolonged hypoxia, which is observed in vivo.